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SUMMARY 

A study of the ultraviolet absorption spectra In the 3200 A to 
2500 A region of 27 aromatic amineB in iscoctane and in water solu- 
tions is presented. A brief discussion of the relation between the 
molecular structure of the amines and their absorption spectra is 
included. 

Certain factors that affeot the absorption spectra of aromatic 
amines were experimentally investigated. The spectra were found to 
be different for the two different solvents. In aqueous aromatic 
amine solutions the pH was found to be an Important factor; the addi- 
tion of acid to a neutral water solution shifted the absorption 
spectrum of the amine towurd the spectrum of the basic aromatic 
structure of the amine. Irradiation of aromatic amine solutions 
with ultraviolet light caused changes in the absorption spectra; 
water solutions of the amines were more rapidly affected than iso- 
octane solutions. 


INTRODUCTION 

Ultraviolet absorption spectrometry provides a sensitive tool 
that can be applied to the analysis for aromatic amines in solution 
(reference 1). For a particular amine, a plot of intensity of light 
absorption against wavelength gives a ourve, or spectrum, character- 
istic of the amine in the solvent used. Because suoh plots can aid . 
in the identification of an unknown material and are used in quan- 
titative speotrophotcmetric analysis, it is desirable to have avail- 
able a catalog of carefully determined absorption spectra of pure 
aromatic amines in appropriate solvents. Absorption spectra for 
some simple aromatic amines have been published in references 2 to 5 
but these data ware obtained with various types of equipment and 
often with different solvents; as a result a comparison of absorp- 
tion spectra of different aromatic amines in the same solvent Is 
difficult to make. 
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In connection vlth the development of fuel additives for the 
Amy Air Forces , the Cleveland laboratory of the MCA determined 
absorption spectra from 3200 A to 2500 A wavelengths for 27 monoaryl 
amines both in isoootane and water. The data were obtained with a 
photoelectric spectrophotometer. A study was made of some factors 
that might affect the spectra and a correlation was attempted between 
spectra and molecular structure. 


INSTEOMEHTS AND MATERIALS 
Instruments 

The absorption data were obtained with a photoelectric spectro- 
photometer having quartz-prism optics and 1-centimeter matched quartz 
absorption cells. The design features and the performance character- 
istics of the spectrophotometer are described in reference 6. Ultra- 
violet light was supplied by a hydrogen discharge lamp. The extinc- 
tions of the solutions measured at each selected wavelength were read 
directly from a calibrated dial on the instrument. The extinction 
is defined as the negat H vo logarithm of the ratio of light transmitted 
through a cell that contains the absorbing solution to the light 
transmitted through a matched cell that contains only the solvent. 

With this Instrument, the measured extinctions for an aromatic 
amine in hydrocarbon solutions were found to be proportional to the 
concentrations of the amine for extinction values up to 1.0. Validity 
of the Beer-Lambert relation for extinction values less than 1.0 was 
assumed for water solutions of aromatic aminos. The precision of 
the spectrophotometer as evaluated in reference 1 showed that the 
absorption spectra of the aromatic amines could be reproduced within 
l/2 percent. 


Aromatic Amines and Solutions 


The 27 aromatic amines were prepared by the Organic Synthesis 
Laboratory of the Fuels and Lubricants Division and are believed to 
be better than 55 percent pure. They are as follows: 


Aniline 

N -Methy lani 1 ino 
N -Ethyl aniline 
N-Prcpy Ian lline 
N - Is opr opy lan I line 
N -Butylaniline 
N -tsrt-Butylani line 
N , N -Dimethy lflni line 
IT , N -Di e thy lani line 


o-Toluidine 

m- Tolu Idino 

p-Toluidine 

o-E thy lani line 

p-Ethylaniline 

o-Isopropylaniline 

£-Isopropylaniline 

p- tert -Butylanlllne 

N-Methyl-n-toluidine 


N-Ethy 1 -£-toluidine 
TT-Is cpr opy l-£- 1 o lu id ine 

2.4- iyildine 

2.5- Xylidine 

2. 6- Zylidine 
Zjylidines (technical) 
N-Methyl-2, 4-xylidine 
2, 4-Diethylanlline 
Mesidine 


The physical properties are listed in table 1. 
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The isooctane used as a solvent -was Rohm and Haas pure lsooctane 
(2,2,4-trlmethylpentane) . The measured lsooctane solutions were 
prepared by a double -dilution procedure In -order to conserve the sol- 
vent. About 0.3 gram of the aromatic amine was dissolved In about 
35 grams of lsooctane, both quantities being accurately weighed. 

About 0.25 gram of thlB solution was weighed and then diluted to 
50 milliliters with lsooctane. 

The distilled water had a pH between 5.6 and 5.9, as measured 
with a commercial pH meter. For the water solutions, about 0.1 gram 
of the aromatlo amine was velgjhed and diluted to 2 liters with dis- 
tilled water. When the surfaoe tension of the amine made direct 
solution In water difficult, as was the case for several of the more 
o duplex amines, the amine was dissolved with a measured quantity of 
hydrochlorlo acid, neutralised with a predetermined titer cf sodium 
hydroxide, and finally diluted to the desired concentration with 
water . 

The final concentrations of aromatic amine In the solutions were 
approximately 0.05 gram per liter for both solvents. The solutions 
were prepared In subdued ligfct and, when necessary, stored temporarily 
in a dark roam. The temperature of the solutions was approxi- 
mately 25° C. The effect of variable temperature on the extinctions 
of the amine solution was not Investigated. 


PROCEDURE FOE OBTAINING ABSORPTION SPECTRA 

The extinctions of known concentrations of aromatic amines in 
lsooctane and in water were measured spectrophotometrically at about 
16 wavelengths \ between 3200 A and 2500 A. For the measurements 
of the lsooctane solutions, spectrophotometer slit widths of 
0.5 millimeter were used for wavelengths less than 2700 A and 
0.3 millimeter for longer wavelengths. The narrower slit widths 
were used In order to resolve better any band structure in the 
absorption pattern. Except for the patterns that show resolved 
fine structure, the width of the slits was found to have little 
effect on the extinctions measured. 

From the measured extinctions, corrected for unequal light 
trans m ission cf the windows of the cells, the speclflo extinctions 
were calculated by the equation 



where 


k specific oxtinction, liters per gram-centimeter 
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E measured extinction 

c concentration of solute, grams per liter of solvent 

2 length, of cells, centimeters 

The averages of the two specific extinctions obtained with two 
independently prepared solutions were plotted against wavelength to 
obtain the absorption spectrum for the amine. The data for an amine 
were redetermined when values of these specific extinctions failed 
to agree within 2 percent at wavelengths near the absorption maximum. 
In order to illustrate the method, the experimental data for 
o -ethyl aniline in isooctane and in water are given in table 2 . 


FACTORS TEAT AFFECT ABSORPTION SPECTRA 

Some of the factors that may affect the absorption spectra of 
aromatic amines are: (1) nature of the solvent, (2) purity of the 

aromatic amines, and (3) photochemical decomposition of the aromatic 
amines. Each cf these factors and its possible' effect on the valid- 
ity of the absorption data will be discussed in the following sections. 


Mature of the Solvent 

No npolar and po'i ar solvents . - The absorption spectrum of a 
substance m solution depends in part on the dipole moments of the 
solvent and the solute (reference 7). The absorption spectra of 
aromatic amines are different in the nonpolar solvent, isooctane and 
in the polar solvent, water. Because of the nonpolar character of 
hydrocarbons, particularly paraffins and naphthenes, which are suit- 
able as solvents, the absorption spectra of an aromatic amine in 
different hydrocarbons are probably very similar. 

pH of water solutions . - The influence of the acidity of water 
solutions on the absorption spectra of seven aromatic amines was 
studied. The results for aniline, which are typical, are shown in 
figures 1 and 2. The absorption spectra of the eight aniline solu- 
tions of various pH value shown in figure 1 demonstrate that the 
addition of hydrochloric acid to a 0.005 percent aniline solution 
radically changes the absorption spectrum. At pH 3.3, the specific 
extinction of aniline at 2850 A is only about 7 percent of that at 
pH 5.8. In 5 percent hydrochloric acid ( curve not shown) absorption 
peaks appear in the 2700 A to 2300 A region that correspond to the 
absorption maxima of the basic aromatic structure of the amine. For 
example, the peaks of aniline and H - alky lan i lines in aqueous hydro- 
chloric acid correspond to the peaks of benzene and those for acid- 
ified toluidines correspond to toluene (see references 8 and 9) . 
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F igure 2 shows that increasing the pH from 5.8 to 10.7 by the addi- 
tion of sodium hydroxide resulted in an increase in the specific 
extinction of aniline of about 4 percent. The equilibrium, between 
aniline and water in acid and basic aqueous solutions has been 
investigated spectrometrically (reference 8); the addition of salt 
(NaCl) to the solution had no effect except when sufficient salt 
was added to alter the pE of the solutions. This result is in 
agreement with the findings of reference 9. 


Purity of Aromatic Amines 

The purity of each aromatic amine prepared at the Cleveland 
laboratory and used in these tests was dependent upon the purity of 
the base materials, the method required for synthesis, and the dif- 
ficulty of isolating the pure amine from byproducts produced during 
its synthesis. The simple amines, such as aniline and N -methyl - 
aniline, which were purified commercial products, were probably 
better than 99 percent pure, whereas the purity of aromatic amines 
having isomers difficult, to synthesize separately and with similar 
physical and chemical properties, such as the xylidines, was less. 
All 27 aromatic amines were estimated to he hotter than 95 percent 
pure. 


The impurities of any particular amine were primarily structur- 
ally related isomers; inasmuch as the absorption spectra of most 
structurally related aromatic amine isomers are similar in many 
respects, however, the absorption data for the amines are probably 
not greatly in error because of these impurities. The absorption 
curves for isomeric aromatic amines reveal that, in many cases, the 
presence of as much as 5 percent of an isomeric impurity in an 
aromatic amine does not change the magnitude of the specific extinc- 
tion of the pure amine by as much as 1 percent. The presence of 
5 percent of o-toluidine in p-toluidine, however, would increase the 
specific extinction of p-toluidine at 2800 A about 3.6 percent. 


Photochemical Decomposition of Amines 

The effect of irradiation with light of isooctane and water solu- 
tions of aromatic amines was investigated and qualitative results of 
some of the studies are presented in the two following sections. 

Isooctane solutions . - Successive extinction measurements of 
0.005 percent isooctane solutions of three aromatic amines that were 
continuously exposed to ultraviolet light in the spectrophotometer 
showed, no serious changes in the extinctions between 2900 A and 2700 A 
during exposures up to 1 hour. 
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In order to determine the effect of strong ultraviolet light 
on the extinction measurement s , 1 percent solutions of 5 aromatic 
amines in isooctane were exposed to radiation from a quartz mercury - 
arc lamp. The amines tested were N -me thy lani line , N-ethy lani line, 
N,II-&iethylaniline, N -tert -huty lani line , and o-toluidine. The solu- 
tions were contained in stoppered quartz cells placed 2 inches from 
the lamp. Samples of these solutions withdrawn at intervals up to 
5 hours exposure showed significant changes in the absorption 
spectra. The spectra for two of these amines at various intervals 
of exposure are shown in figure 3. 

Similar exposures to light from an ordinary 100-watt incandescent 
lame., from which the radiation is primarily in the short infrared and 
visible regions of the spectrum, showed no significant effect after 
75 hours. In this case the solutions were contained in stoppered test 
tubes placed about 6 inches from the lamp. 

Water solutions . - The effects of ultraviolet light in the 
spectrophotometer on the extinctions of water solutions of 5 aromatic 
amines (aniline, N-ethylaniline, N-isopropy lani line , N,N-dimethyl- 
ani line, and N.N-diethylanillne) varied; the amount and type of varia- 
tion seemed to depend on the structure of the amine. In general, the 
extinctions of the aromatic amine solutions tended to decrease rapidly 
after about 10 minutes exposure to ultraviolet light of 2850 A wave- 
length. Illustrative data for N-isopropy lanillne in water are given 
in figure 4. These results indicate that measurements of the extinc- 
tions of aromatic amines in water should be completed rapidly .and 
systematically, preferably within 5 minutes. 

The extinctions of water solutions of 5 aromatic amines (aniline, 
N-isopropylaniline, N,N-die thy lani line, technical xylidines, and 
N -methyl -xylidines ) kept in glass bottles in a well-lighted room 
increased as much as 2 percent a day. Samples of the same solutions 
kept in a dark room showed no significant changes in extinction for 
periods up to 2 months. 


DISCUSSION OF A8S0EPTI0N SPECTEA 

The absorption spectra for the 27 aromatic amines are 3hown in 
figures 5 to 13. Two sets of curves are plotted for each figure; for 
one set Lsooctane was the solvent and for the other distilled water 
was the solvent. The absorption curves are arranged with structurally 
related compounds plotted on a single graph in order to facilitate 
compari son. 

The effect of the solvent in modifying the ultraviolet-light 
absorption is illustrated by a comparison of the absorption curves 
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of an aromatic amine in isooctane and in water. For each of the 
amines the maximum specific extinction of the aromatic amine is less 
in water than in isooctane and the position of the absorption maxi- 
mum shifted roughly 70 A toward shorter wavelengths. (See fig. 5.) 
For the more complex aromatic -amine molecules, N, N-diethylaniline 
and N-tert-butylaniline, the characteristic absorption band at about 
2900 A is suppressed in water (figs. 7 and 13). 


Correlation of Molecular Structure and Absorption Spectra 

Theoretical considerations of the correlation between absorption 
spectra and molecular structure are given in references 10, 11, and 
12. Only qualitative aspects observed in these tests will be dis- 
cussed. 

Most of the absorption plots are smooth curves that have absorp- 
tion maxima near 2S00 A wavelength and absorption minima at about 
2700 A. Aniline and some of the p-substituted aromatic amines in 
isooctane, however, show some resolved fine structure in the absorp- 
tion band in the 2900 A region, as shown in figures 6(a) and 15(a). 

The effect of successively replacing the two amino hydrogen 
atoms of aniline with alkyl groups is shown in figures 6 and 7 . Fig- 
ures 8 and 9 show the effects of methylating the nitrogen for 
p-toluidine and 2,4-xylidine. 

Absorption spectra for the three toluidines and for three of the 
six xylidines are given in figures 10 and 11. When the positions of 
alkyl substitutions are involved, the absorption spectra of isomers 
differ. The absorption maximum for o-toluidine occurs at a shorter 
wavelength than for m- or p-toluidine and is about 20 percent 
greater in magnitude than either of the other two isomers in both 
solvents. The curves for the xylidines differ less markedly. 

The absorption spectra of N-propylaniline and N-isopropylaniline 
and of N-butyianiline and N-tert-butylaniline in isooctane, shown in 
figures 12(a) and 13(a), are similar except for the magnitudes of the 
absorption peaks. The curve for N- tert -butylaniline in water 
(fig. 13(b)) shows s'appression of the absorption band at 2S00 A. 

Aromatic amines that can be classified as members of a homologous 
series, such as the N-alkylanilir. .-s series or the N-alkyl-p-toluidines 
series, appear to have similar absorption spectra with maxima and 
minima at corresponding wavelengths. The approximate wavelengths of 
the absorption maxima and minima for six families studied are given 
in table 3. The curves for these aromatic amine families are given 
in figures 14 to 18. 
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The affect of methylating the arcana tic ring of aniline la shown 
in figure 19 . 


Comparison of Absorption Data vibh .Results of Other Investigations 

Absorption data obtained with other spectrophotometers of simi- 
lar design should bo similar, though net necessarily identical, to 
the data for indlvLdual aromatic aminos given In this report. Aside 
from other fact urn that affect the absorption spectra, some of which 
have buun discussed In previous suctions of this report, differences 
in the spectra obtained with other instruments may be duo to differ- 
ences In the resolution of the Instruments or differences in the 
amount of stray light (reference lb). Data for some of the aminos 
obtained at i-hie laboratory with a 1.5 motor grating spectrograph 
gave values about 8 percent higher for the calculated specific 
extinctions of the amines. 

Thu absorption data given In this report arc compared in table 4 
with some cf tho results reported in reference 5 for individual aro- 
matic aminos. Tho wavelengths \ of the absorption maxima and the 
corresponding specific molecular extinctions £ ore listed. 

The data of KUngstedt (references 2 and 3) show nine resolved 
bands for aniline at about 2900 A and seven for j-toluidlno in hexane, 
more than wore obtained with the spectrophotometer at this laboratory 
with laooctano as tho solvent, but show only single broad bands for 
c- and m-toluidtne, which agrees with this invest i gat Ion. It was 
found in reference a that solutions of anilino and £-toluld Lno in 
water, alcohol, and carbon tetrachloride had only a single broad 
absorption band n jar 2900 A. 

The wave lengths of tho absorption maxima report od by K1 ingstedt 
are In excellent agreement with tho data obtained at this laboratory. 
Thu results listed in references 4 and 5 show several discrepancies 
with the present data and no resolution of fine structure was evident 
even for aniline in hexane. 


CONCLUDING REMARKS 

Tho absorption, spectra of the 27 mcnuuryl aminos studios were 
different for the two solvents used, l a ore tone and water. The 
maximum specific extinction for an aromatic amine Is loss in water 
than In isooctan; and tho absorption maximum occurs at shorter wave- 
lengths in water solutions . 
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The pH of water solutions was found to have a pronounced effeot 
on the absorption spectra of aromatic amines. The addition of add 
-to a neutral' water solution shifted the absorption speotrum of the 
amine toward the spectrum of the basic aromatic structure of the 
amine. The addition of base increased the absorption up to a solu- 
tion pH of about 9.0, beyond which little further effeot was noted. 

Ultraviolet light produced photochemical effects on aromatic 
amines In lsooctane and In water solutions, as evidenced by changes 
In the absorption speotra. Water solutions of aromatic amines were 
more rapidly affected by light Irradiation than lsooctane solutions. 

The absorption speotra of structurally similar aromatic amine 
compounds a re similar; for any one family, such as the N-alkylanilines 
family, the ja-alkylanilinss family, or the N-alkyl-jj-toluldine family, 
the absorption maxima and minima occur at corresponding wavelengths. 
Isomers that result from different positions of alkyl substitutions 
have absorption spectra that differ in wavelength pattern. 

Absorption data obtained with other spectrophotometers of 
similar design should be similar, though not necessarily identical, 
to the data for Individual aromatic amines given in this report. 


Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE 1. - PHYSICAL PROPERTIES OP AROMATIC AMINES 


Amine 

Bolling range at 
760 mm 

(°c) 

Refrac- 

tive 

index 

« 20 
n D 

Density 
at 20° C 
(grams/ 
ml) 

Aniline 

104.0-184.5 

1.5053 

1.0220 

N-Me thy lani line 

195.0-196.0 

1.5704 

.9860 

N-Ethylaniline 

203.0-204.0 

1.5538 

.9607 

N -Propylani lino 

220.5-223.5 

1.5425 

.9448 

N-I s opr opy lani 11 no 

206.5-209.0 

1.5404 

.9374 

N -Buty lani line 

240.0-240.5 

1.5339 

.9323 

N -tort -Buty lani line 

a 95.0 (16 mm) 

1.5270 

.9244 

N,N-Dimethylanl line 

192.5-193.5 

1.5500 

.9564 

N , N -Die thy lani lino 

215.0-217.0 

1.5418 

.9347 

o-Toluidine 

190.5-201.5 

1.571S 

. 9989 

m-Toluidine 

202.5-203.5 

1.5674 

.9893 

£-Toluidine 

*44.0- 44.4 



o -Ethy lani 1 ine 

211.0 

1.5602 

.9010 

]3-EthylanllIne 

216.0 

1.5547 

.9672 

o - Is opropy lani lino 

219.0-220.0 

1. 5464 

.9643 

p -Isopr opy lani lino 

225.5-226.5 

3 .5432 

.9514 

p-tert -Buty lenillne 

* 96 . 5- 98.0 (5-6 mm) 

1.5^63 

.9446 

N-Methyl-jJ-toluidine 

209.0-211.0 

1.5570 

.9610 

N -Ethy 1 -£ -t oluidlnu 

217.0-220.0 

1.5439 

. 9441 

N-Isopropyl-£-toluidine 

222.0-223.0 

1.5519 

. 9238 

2,4-Xylidine 

215.0-215.5 

l,5r>'.:i 

. 9751 

2 , 5-Xylidine 

216.0 

1.5696 

. 9755 

2, 6-Xylidine 

216.0-217.0 

1.5616 

.S?G8 

Xylidines (technical) 

216.0-219.5 

1.5G01 

.S771 

N-Methyl-2,4-xylidine 

221.0-222.0 

1.5542 

.9532 

2, 4-Diethylanilino 

241.0-242.0 

1.5433 

.9511 

Mesldlne 

a 110.0 (15 mm) 

1.55C2 

.9615 


^Distilled under reduced pressure. 
“Melting range of solid. 


National Advisory Committee 
for Aeronautics 
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TABLE 2. - SPECTBOEHOTOMETRIC DATA ON 0-1THYLANILINE 
IN ISOOCTANE AND IN WATER 



Isooctane 

Water 


o -Ethy lani line 

concentration 

o-Ethylaniline 

concentration ! 

length 


(grams /liter) 



(grams /lit or) 


\ 

0.0639 

0.049B 

0.0505 

0.0514 

(A) 

Extinctions 

Extinctions 


E 

k ■ 

E 

k 

E 

k 

E 

k 

1 2500 

0.840 

13.15 

0.666 

13.57 

0.505 

10.00 

0.508 

9.88 

2550 

.475 

7.44 

.374 

7.51 

.290 

5.74 

.289 

5.62 

2600 

.364 

5.70 

.288 

5.78 

.259 

5.13 

.262 

5.10 

2650 

.400 

6.26 

.315 

6.32 

.334 

6.61 

.340 

6.62 

2675 

.464 

7.26 

.364 

7.31 

.397 

7.86 

.403 

7. 84 

2700 

.559 

8.75 

.437 

8.78 

.468 

9.26 

.475 

9.24 

2750 

.792 

12.41 

.622 

12.48 

.617 

12.21 

.629 

12.24 


1.040 

16.27 

.812 

16.30 

.701 

13.88 

.713 

13.87 

2825 

1.126 

17.62 

.882 

17.70 

.702 

13.90 

.713 

13.87 

2850 

1.180 

18.46 

.926 

ie.59 

.669 

13.24 

.679 

13.20 

2875 

1.170 

19.31 

.919 

18 .45 

.597 

11.82 

.610 

11.87 

2900 

1.095 

17.14 

.859 

17.25 

.494 

9.78 

.502 

9.76 

2950 

.805 

12.60 

.632 

12.68 

.289 

5.72 

.293 

5.70 

3000 

.333 

5.21 

.263 

5.28 

.145 

2.07 

.146 

2.84 

3050 

.075 

1.17 

.060 

1.20 





3100 

.014 

.22 

.013 

.26 

.029 

.57 

.028 

.55 

3150 

.004 

.06 

.006 

.12 





3200 

.003 

.05 

.004 

.10 

.008 

.16 

.007 

.14 
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TABLE 3 . - WAVELENGTHS OF ABSORPTION MAXIMA AND 
MINIMA FOR SIX STRUCTURALLY RELATED FAMILIES 
OF AROMATIC AMINES 



Solvent | 


Isooctane 

Water 

Aromatic amine 

Wavelength 

Wavelength 

family 

\ 


A 



( A 


(a; 



Maxi- 

Mini- 

Maxi- 

Mini- 


mum 

mum 

mum 

mum 

o-Aliylanllines 

2660 

2605 

2815 

2585 

m-Alhylani lines 8. 

2880 

2640 

2830 

2615 

£-Alkylani lines 

2920 

2670 

2855 

2635 

N-Alkylanilines 

2950 

2700 

2850 

2700 

N-Alkyl-£-toluldlnes 

3025 

2745 

2905 

2720 

2 , 4 -Dialky lanilines 

2925 

2650 

2865 

2620 


a Data presented axe for m-toluidine, only repre- 
sentative amine of this group tested. 


TABLE 4. - COMPARISON OF ABSORPTION MAXIMA WITH 
RESULTS OF OTHER INVESTIGATIONS 


Aromatic 

amino 

Source 

Reference 3 

NACA 

So] 

Lvont 

Hexane 

Isooctane 

Wave- 

length 

\ 

(A) 

Specific 

molecular 

extinction 

e 

( liters/ 
mole -cm) 

Wave- 

length 

\ 

(A) 

Specific 

molecular 

extinction 

£ 

( liters/ 
mole -cm) 

Aniline 

2918 

1470 

2920 

1555 


2877 

1470 

2880 

1770 


2840 

1470 

2840 

1720 


2808 

1470 

2810 

1590 

£-Toluidine 

2968 

17-50 

2960 . 

1820 


2933 

1750 

2930 

1840 


2897 

1750 

2900 

1770 

o-Toluldine 

2850 

1750 

2850 

2220 

. 
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Figure 9. - Absorption Spectra of 2-4-xy I id ine and M-*ethyl-2,4-xyl idine in isooctane and in water. 
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Figure II. - Abeorption spectra of thru xylidines in isooctane and in water. 
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F.i gura 12. - Absorption spectra of N— propylani I in® and N- isopropyl an i l ine in isooci 
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Figure 15. - Absorption spectra of four g-alkylani I ines in isooctane and in water. 
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Figure 16. - Absorption spectra of four W-alkylani I mes in isooctane and in water. 
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Figure 17. - Absorption spectra of three hA— a I ny l-g-toluid i nes in isooctane and in water. 
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Figure 18. - Absorption spectra of 2,4-xy l id i ne and 2,4-d iet hy lan i I i 


in isooctane 
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